We are reporting a procedure for the purification of herpes simplex enveloped nucleocapsids (virions), an evaluation of the purification procedure and the results of analyses of the virion proteins by high-resolution acrylamide gel electrophoresis. The data may be summarized as follows. (i) The procedure for the purification of virions consists of careful extraction of cytoplasm to prevent nuclear breakage, separation of enveloped nucleocapsids from soluble proteins and membrane vesicles by rate zonal centrifugation of cytoplasmic extracts through dextran 10 gradients, treatment with urea to dissociate virus-debris aggregates, and, lastly, separation of virions from naked nucleocapsids and free membranes by isopycnic flotation in discontinuous sucrose gradients. (ii) Purity was evaluated in three ways, i.e., electron microscopic examination, analysis of purified virions produced in cells labeled with amino acids before infection, and analysis of purified virions from artificial mixtures of infected and labeled, uninfected cells. The extent of purification was 120-to 200-fold with respect to host proteins. Residual contaminants were identified as host and viral constituents of membrane vesicles. Residual host proteins are very likely contaminants and not structural components of the virion. (iii) Analyses by staining and autoradiography of structural proteins of purified virions in 6, 7, 8.5, 9, and 14% acrylamide gels revealed 24 bands of proteins and glycoproteins made and labeled after infection. Co-electrophoresis of viral proteins with six known standards ranging from 25,700 to 220,000 daltons in molecular weight in 6, 7, 8.5, and 9% acrylamide gels indicate that viral proteins range from 25,000 to 275,000 daltons. The sum of the molecular weights of viral proteins is 2,580,000 daltons. Assuming that messenger transcription is asymmetric and noncomplementary, this corresponds to 47% of the genetic information of the virus. (iv) The nonionic detergent NP-40 removes from purified virions some nonglycosylated proteins and a large fraction of the glycosylated proteins. It leaves behind traces of the envelope visible in the electron microscope as well as some glycoproteins thought to be in the envelope.
space and in the cysternae of. the endoplasmic reticulum (19, 23) . Virus release from the infected cells is inefficient (11) and acquires momentum only after the infected cell disintegrates, spilling both virus and debris. In our hands, extracellular virus from cells in culture is frequently enclosed in a damaged envelope (permeable to negative stain) and is not a satisfactory source of virus for analysis. On the other hand, separation of intracellular virus from cellular organelles and particularly from membrane vesicles generated during the disruption of the cell presents special problems. The difficulty is compounded by the fact that the membranes of infected cells carry virus-specific proteins (13, 21, 27) . (ii) Infected cells yield not only enveloped nucleocapsids (virions) but also naked nucleocapsids in ratios which differ greatly from one cell line to another. An additional complication is that the envelope of the herpesvirion is relatively unstable.
In the past several years a number of labora-SPEAR AND ROIZMAN tories have reported on the structural proteins of enveloped (2, 12, 17, 27) and naked herpesvirus nucleocapsids (2, 18) . Abodeely et al. (2) were able to obtain quite pure preparations, by electron microscopic criteria, of enveloped equine abortion virus from viremic hamsters. By using the technique of acrylamide gel electrophoresis, they resolved 20 proteins in the virion and 14 in the naked nucleocapsids obtained by treatment of virions with the nonionic detergent Nonidet P-40 (NP-40) and sonic treatment. Due largely to the infeasibility of isotopically labeling viral or host protein in the hamster, the authors were unable to identify the various nucleocapsid proteins with virion proteins or to determine whether any proteins in the virion were host specified. Robinson and Watson (18) obtained naked nucleocapsids of herpes simplex virus which were extensively purified according to several criteria. These authors reported the possible existence of as many as 11 polypeptides in the naked nucleocapsid. Although two preceding papers in this series (13, 27) reported electropherograms of partially purified particles, the low resolution of the electropherogram technique (26) used in the studies precluded enumeration of the protein bands in the gel. Olshevsky and Becker (17) and Kaplan and Ben-Porat (12) reported on the structural proteins of herpes simplex and pseudorabies viruses, respectively, but they found fewer proteins than Abodeely et al. (2) . We must agree, however, with Robinson and Watson (18) that none of these studies (12, 13, 17, 27) have presented adequate criteria for the purity of the virus preparations used. In this paper we are reporting a new procedure for the purification of herpesvirions and an evaluation of the procedure. The protein composition of the purified preparations was analyzed by electrophoresis in acrylamide gels by utilizing a high-resolution technique developed independently by Dimmock and Watson (6) ' and by Laemmli (15) . Evidence is presented that cellular proteins are probably not components of the mature virion and that the virus-specific structural proteins are more numerous than previously suspected. For the purposes of this paper, we are defining as virus-specific virion proteins those structural components which are made after infection and which do not become labeled when cells are fed radioactive precursors before infection. Clearly this is a provisional definition pending, ultimately, the synthesis of these structural proteins in a cell-free system with a defined viral messenger ribonucleic acid (mRNA).
MATERIALS AND METHODS Cells. Human epidermoid carcinoma no. 2 (HEp-2) cells were grown in Eagle's minimal essential medium (EMEM) supplemented with 10% calf serum, 0.001% ferric nitrate, and 1% sodium pyruvate.
Virus. A strain of herpes simplex virus subtype 1, designated F, was used in all the studies reported here. The procedures for the assay of this virus in terms of plaque-forming units (PFU) and some pertinent characteristics of this strain have been previously reported (7, 13, 14) . Reagents. The following radiochemicals were obtained from New England Nuclear Corp., Boston, Mass.: uniformly labeled L-amino acid-'4C mixture and generally labeled L-amino acid-3H mixture, each consisting of 15 Infection of cells. Cells, grown in roller bottles or 32-oz bottles, were infected with virus at an input multiplicity of 5 to 10 PFU per cell. The virus was added to the cells in a small volume of medium 199-1% calf serum (25 ml for roller bottles, 9 ml for 32-oz bottles) and the cultures were rolled or shaken for 2 hr at 37 C to allow adsorption to take place. The inoculum was replaced with medium 199-1% calf serum and incubation was continued at 37 C.
Labeling of cells. Cellular proteins were labeled by incubating uninfected cells for intervals up to 48 hr in EMEM-10% dialyzed calf serum containing one-fifth to one-half the usual concentrations of amino acids plus "4C-amino acid mixture at 0.25 to 0.5 ,uCi per ml. To label viral proteins, infected cells were incubated between 5 and 18 to 24 hr postinfection in EMEM-1% dialyzed calf serum containing one-tenth the usual concentration of all amino acids except for arginine, which was present at the usual concentration, and 14C-amino acid mixture (0.5 to 0.67 ,uCi/ml) or 3H-amino acid mixture (3 ,uCi/ml). Viral glycoproteins were labeled by incubating infected cells, between 5 and 18 to 24 hr postinfection, in medium (either medium 199-1% calf serum or EMEM-1 % dialyzed calf serum modified as above) containing 14C-glucosamine (0.5 ,uCi/ml) or 3H-glucosamine (5 ,MCi/ml). We previously reported (13, 27) (28) . In this step 2-ml samples of cytoplasm were layered on 36-ml dextran 10 gradients (1.04 to 1.09 g/cm3) made up in 1 mm phosphate buffer. The dextran 10 solutions were filtered through Millipore 0.45-Am membrane filters prior to use. The gradients were centrifuged for 1 hr at 20,000 rev/min in the Beckman SW27 rotor. After centrifugation, virions were found in a diffuse light-scattering band just above the middle of the tube. This band, containing partially purified, mostly enveloped virus, was aspirated with a needle and syringe by puncturing the side of the tube. The virus band was made 0.5 M with respect to urea by the addition of an appropriate amount of 5 M urea and was sonically treated for 5 sec to dissociate aggregates of virions and host membrane vesicles. For analysis of partially purified virus, the dextran band was diluted approximately fourfold with 0.01 M tris(hydroxymethyl)aminomethane (Tris) buffer, pH 7.4, and the virions were pelleted by centrifugation at 25,000 rev/min for 1 to 2 hr in the SW27 rotor. The pellets were suspended in a small volume of 0.01 M Tris and stored at -20 C prior to analysis by acrylamide gel electrophoresis. Viral proteins were quantitatively recovered in the pellets after centrifugation. It is noteworthy that relatively brief (1 hr) exposure of enveloped virus to concentrations of urea as high as 1.5 M does not affect the infectivity of the virus at room temperature (20) . It should also be pointed out that the centrifugation through dextran gradients offers no advantages for the purification of virions with damaged envelopes or of naked nucleocapsids. (iii) The third step in the purification procedure was designed to separate the virions from remaining contaminants, i.e., membrane fragments and small amounts of unenveloped nucleocapsids, by flotation of the partially purified virus through a discontinuous sucrose gradient. Membrane contaminants float to a lower density at a higher position in the tube than the bulk of the virions, whereas nucleocapsids, because of their higher density, will pellet. In this step the sonically treated dextran band was made 50% (w/w) with respect to sucrose by the addition of solid sucrose. Eight-to 12-ml samples of this solution were placed in 38-ml tubes; discontinuous sucrose gradients were formed by the successive layering of 40, 30, and 20% sucrose (made up in 0.01 M Tris buffer) on top of the 50% sucrose-virus layer. These gradients were then centrifuged at 25,000 rev/min for 18 hr in the SW27 rotor. Membrane contaminants and some virus floated to the 30 to 40% interface; the bulk of the virions floated to the 40 to 50% interface and were aspirated by needle and syringe. The floated virus band was diluted approximately fourfold with 0.01 M Tris buffer, layered over 10 ml of 10% sucrose in 2 M urea, 0.01 M Tris buffer in a 38-el tube, and centrifuged at 25,000 rev/min for 2 hr in the SW27 rotor. The virus pellets were suspended in a small volume of 0.01 M Tris buffer and frozen at -20 C. Viral proteins were quantitatively recovered in the pellets.
We have centrifuged partially purified virus (dextran band) in a potassium tartrate density gradient instead of a discontinuous sucrose gradient as the third step of purification and achieved comparable results as far as the protein composition of the final product is concerned. Briefly, partially purified virions were pelleted from a dextran virus band as described above, suspended in a small volume of 0.01 M Tris buffer, and layered on a 16-ml 10 to 50% (w/w) potassium tartrate gradient. The gradient was centrifuged for 2 hr at 25,000 rev/min in the SW27 rotor. Virions were found in a light-scattering band just below the middle of the tube. This band was aspirated by puncturing the side of the tube with needle and syringe, diluted twofold with 0.01 M Tris buffer, and centrifuged for 1 hr at 40,000 rev/min in the 65 rotor to pellet the virions. Although this alternate procedure is faster and results in greater recovery of infectivity, flotation through discontinuous sucrose gradients was used exclusively to prepare purified virions for the analyses reported in this paper. It should be emphasized that the protein compositions of the final preparations obtained by the two procedures are qualitatively and quantitatively indistinguishable.
Treatment of virus with NP-40. A pellet of partially purified virus, obtained from the dextran gradient fraction as described above, was resuspended in 0.5 ml of 0.01 M Tris buffer (approximately 500 ,Ag of protein/0.5 ml). Ten per cent NP-40 and 1.5 M NaCl were added to yield final concentrations of 1% and 0.15 M, respectively. After 15 min at 0 C, the detergent-treated virus was layered on a 16-ed 20 (9) , gels were fixed and stained by soaking overnight in 0.04% Coomassie Brilliant Blue, 10% acetic acid, 25% isopropanol. Gels were destained in several changes of 10% acetic acid, 10% isopropanol over a period of 1 to 2 days.
Analyses of radioactive proteins in acrylamide gels were done by autoradiography or by liquid scintillation counting. In preparation for the autoradiography of 'IC-labeled proteins, gel slabs or gel cylinders cut in half longitudinally were dried on filter paper essentially as described by Fairbanks et al. (8) . The half gel cylinders were dried with the cut edge uppermost and exposed. The flattened, dried gels were placed in contact with Kodak Medical X-Ray film NS-54T and stored in light-tight folders under a heavy weight for the exposure interval. The film was processed with Kodak D-19 developer and Kodak Rapid-Fix. For liquid scintillation counting, gel cylinders, half gel cylinders, or strips of gel slabs were sliced laterally into 1-mm segments. Each slice was placed in a scintillation vial to which was added 0.7 ml of Soluene-100.
After incubation of the capped vial for 3 hr at 60 C, 10 ml of scintillation fluid [28.2 g 2,5-diphenyloxazole and 1.13 g 1,4-bis-[2-(4-methyl-5-phenyloxazolyl)]-benzene per gal of toluene] was added to each vial and mixed thoroughly. Radioactivity was measured after 6 hr at 4 C.
The absorbance of bands in stained gels and autoradiograms was measured either with the Gilford gel scanner attachment and Gilford recording spectrophotometer or with the Joyce, Loebel & Co. doublebeam recording microdensitometer.
Estimation of molecular weights of viral proteins. The procedure used was that of Shapiro et al. (25) . Briefly, the molecular weights of herpesvirus proteins were estimated by determining their migration rates relative to the bromophenol blue marker in four concentrations of acrylamide-6, 7, 8.5, and 9%-and by comparing their relative migration rates with those of proteins whose molecular weights are well characterized. Several comments should be made concerning the behavior of the protein standards in the gels of various concentrations. (i) For the standard proteins smaller than 100,000 daltons, a plot of logarithm of molecular weight versus relative migration rate yielded a straight line for each gel concentration. (ii) In 7% acrylamide, a linear relationship between logarithm of molecular weight and relative migration rate was found to hold for all the protein standards used ranging from 43,000 to 220,000 daltons. (iii) However, in 9% acrylamide, the standard proteins larger than 100,000 daltons migrated faster than would be expected if they had obeyed the inverse logarithmic function between molecular weight and relative migration rate which holds for 7% gels. A smooth curved line could be drawn to fit the points (34); molecular weights estimated from this curved line agreed well with those estimated from the straight line obtained in 7% gels.
Electron microscopy. 
RESULTS
The yield and purity of the herpesvirion preparations obtained by the procedure described above was determined in several experiments.
PROTEINS OF THE HERPESVIRION
Electron microscopic analysis of purified virus. The purpose of these analyses was to determine the nature of the products obtained in the course of the purification. Electron microscopic analyses were done both by negative-staining technique and by thin-section technique. Although the negative-staining technique is more useful for the analysis of the integrity of the enveloped virus, since under appropriate conditions negative stains do not penetrate the intact envelope (19, 33) , thin sections reveal more accurately the actual contents of the material being tested. Electron photomicrographs of thin se(tions of purified virus are shown in Fig. 1 . The results of the electron microscopic analyses may be summarized as follows. (i) The partially purified virus banded in dextran gradients consisted almost exclusively of intact enveloped nucleocapsids. However, membrane contaminants were occasionally seen in thin sections. (ii) The band obtained by flotation through the discontinuous sucrose gradient also consisted almost exclusively of enveloped nucleocapsids. However, a large percentage of these particles exhibited loss of integrity of the envelope. Membrane contaminants were extremely rare.
Estimation of the enrichment of viral proteins with respect to host proteins during the course of purification. In this series of experiments we took advantage of the fact that host protein synthesis ceases after infection and that the proteins labeled 4 to 5 hr postinfection and later are probably specified by the virus (27, 29, 31) . Two kinds of experiments were done. In the first, virus was purified from an artificial mixture of infected cells labeled with 3H-amino acids from 5 to 24 hr postinfection and uninfected cells were labeled with '4C-amino acids for 48 hr. In the second, virus was purified from two separate but parallel batches of cells, one labeled with 14C-amino acids from 5 to 20 hr postinfection and the other labeled with "4C-amino acids for 48 hr prior to infection. The cells labeled prior to infection were washed several times with nonradio-B e bm s .. active medium containing twice the usual concentrations of amino acids and incubated in the same medium for 3 hr immediately prior to infection, to insure that viral proteins would not become labeled. Recoveries of radioactivity from these various preparations during the course of purification are shown in Table 1 . The calculated ratios of counts per minute in viral proteins to counts per minute in cellular proteins recovered in each step of the procedure showed an approximate 20-fold enrichment of virusspecified proteins with respect to cellular proteins in both experiments. This is the lower limit of the degree of purification of virion proteins with respect to cellular proteins and is probably much too low an estimate since infected-cell homogenates contain virus-specified proteins which are labeled after infection but are not virion constituents, i.e., membrane glycoproteins (13, 27; B. Roizman and P. G. Spear, Proc. 1st Symp. Nucleic Acid Synthesis Viral Infec., in press), naked nucleocapsids, nonstructural proteins, and structural proteins which have not yet aggregated to form nucleocapsids. The purification procedure discriminates against nonvirion virus-specified proteins as well as against cellular proteins.
A more accurate estimate of the degree of purification of virion proteins could be calculated if the fraction of total virus-specific label in the cell homogenate which is actually present in virions were known. This datum can be calculated from the data presented in Table 2 . In this experiment virus was purified from cells incubated with '4C-amino acids after infection to label viral proteins only; both radioactivity and infectivity were monitored throughout the purification. The number of PFU bears some constant relation to the number of virions provided there are no losses of biological activity and no aggregation. In this and in other experiments, we observed only a slight loss of infectivity after centrifugation in the dextran density gradient but a very substantial loss (approximately 95%) after flotation of the virus in the sucrose gradient. The loss in infectivity parallels and may be accounted for by the loss of integrity of the virion envelope as seen in both negatively stained preparations and in thin sections. The results indicate the following. (i) Without making any corrections for the loss of infectivity, the observed PFU-counts per minute ratio for the partially purified virus recovered from the dextran gradient indicates a sixfold enrichment of virions with respect to labeled proteins (1.96 . 0.31); therefore no more than one-sixth of the labeled proteins in the homogenate was present in virions. Using this figure in conjunction with the data presented in Table 1 , the degree of purification just to the dextran step alone becomes at least 120-fold. (ii) An estimate of the extent of purification throughout the whole procedure can be obtained by correcting the PFU-counts per minute ratios for the loss of infectivity, as indicated in the legend to Table 2 . The corrected PFU-counts per minute ratios indicate a 10-fold enrichment of virions with respect to virus-specified (labeled) proteins during the entire proce- Column no.
Step The same degree of purification may be calculated more directly from the data presented in Table 3 . In this experiment the cells were labeled with 14C-amino acids for 48 hr before infection. During and after infection, the cells were incubated in a medium containing excess unlabeled amino acids to ensure that proteins made after infection did not become labeled. As in the preceding experiments, the purification procedure was monitored for both radioactivity and infectivity. As shown in Table 3 , the PFU-counts per minute ratio (uncorrected) for the partially purified virus banded in the dextran density gradient is nearly 100 times higher than that of the crude homogenate. On the basis of the find- Nature of the impurities present in the virus banded in the dextran density gradient and floated in the discontinuous sucrose gradient. As indicated in the preceding sections, the probable impurities of concern to us were membrane vesicles resembling virions hydrodynamically. Since purified membrane preparations of infected cells invariably contain host protein (27; Heine, Spear, and Roizman, manuscript in preparation), it was of interest to determine whether purified virions contained host proteins. Two series of experiments were done.
In the first series, virions were prepared from an artificial mixture of 3H-amino acid-labeled infected cells and of '4C-amino acid-labeled uninfected cells. In the second experiment, the cells were labeled with 14C-amino acids for 48 hr before infection. The cells were then washed, incubated in the presence of an excess of unlabled amino acids, and infected as described previously. The electrophoretic profiles of the proteins present in partially purified (dextran gradients) and purified (flotation in sucrose gradients) virions, prepared from the artificial mixture of infected and uninfected cells and from cells labeled before infection, are shown in Fig. 2  and 3 , respectively. The measurements of radioactivity of the gel slices (Fig. 2) and autoradiography (Fig. 3) revealed that, in both partially purified and purified virus preparations, the host proteins were primarily localized in a few bands marked with dashed lines (Fig. 3) .
The question arises whether the cellular proteins are constituents of the virion or simply contaminants. Several lines of evidence suggest that these host proteins are constituents of residual contaminating membranes. Briefly, (i) whereas the virus-specified proteins maintain relatively constant ratios with respect to one another during the last step in purification (with a few exceptions to be discussed), the host proteins are diminished in quantity with respect to the virus-specified proteins as a result of purification achieved in the flotation gradient (compare the left and right profiles of Fig. 2 and 3) ; that is, the host proteins appear to be separable from the virion proteins which themselves remain in constant ratio during the last step of purification.
(ii) Labeled host proteins diminish in quantity (Table 1) to about the same extent as a result of flotation through the sucrose gradient, regardless of whether the label is incorporated into proteins of the same cells in which the virus was grown (14C-amino acids added prior to infection, Fig. 3 ) or whether the label is from uninfected cells artificially mixed with the infected cells and therefore not incorporated into the virion during morphogenesis (Fig. 2) . (iii) The most prominent host proteins present in the virus preparations have electrophoretic mobilities similar to those of major protein components of membrane contaminants, separated from the virus during the flotation gradient (electrophoretic proffles not shown), and of highly purified plasma membranes from infected or uninfected cells (Heine, Spear, and Roizman, manuscript in preparation).
As mentioned above, a few virus-specified proteins appear to be partially separable from the bulk of the virion components during the course of purification. To determine the nature of these proteins, the following series of experiments was done. First, partially purified (dextran gradient) virus labeled with 'IC-amino acids was co-electrophoresed with purified (flotation gradient) virus labeled with 3H-amino acids. The radioactivity in each gel slice was measured by liquid scintillation spectrometry. As shown in Fig. 4A , the ratio of 'H-counts per minute to 'IC-counts per minute was remarkably constant in all but two regions of the gel. To determine the nature of the proteins in these regions, we co-electrophoresed purified virions labeled with 'H-amino acids with purified virions labeled with "4C-glucosamine. The results shown in Fig.  4C indicate that the "IC-labeled glycoproteins migrated with the proteins selectively lost after flotation of the partially purified virus in sucrose gradients. Further evidence concerning the structures containing these glycoproteins is based on the previously reported observation that virusspecified glycoproteins present in preparations enriched in enveloped virus are electrophoretically indistinguishable from virus-specified glycoproteins present in purified cytoplasmic membranes (13, 23, 29) . This finding is again demonstrated by the profile in Fig. 4B which was obtained by the co-electrophoresis of purified virus labeled with 3H-amino acids and purified plasma membranes from cells labeled with 'IC-amino acids after infection (prepared by J. Heine-see legend to Fig. 4) . We conclude that the virus-specified glycoproteins are present both in contaminating membrane fragments and in the virion since (i) they are to a small extent separable from the bulk of the virion proteins and (ii) they are prominent components of the membrane con- Fig. 2 . In this and following electropherograms, the position of the base line is indicated by a short line segment at the extreme left of the profile. still shows traces of the host proteins identified in Fig. 2 and 3 . The light radioisotopic labeling of the band numbered 22 is reproducible but unexplained. It may be that a significant proportion of the protein in this band is synthesized during the first 5 hr of infection.
(ii) We have detected 24 virus-specific proteins in the virion. To distinguish these from other proteins specified by the virus, we shall designate the virion proteins as VP1 through VP24. Some bands were assigned two numbers because evidence exists that they contain at least two proteins. The two bands numbered VP1-3 can be resolved into three bands on 6% gels (Fig. 7) . The bands labeled VP7-8 are known to contain two proteins because glucosamine label is distributed asymmetrically toward the leading edge (Fig. 4 and 6 ). VP7 may be either nonglycosylated or glycosylated to a lesser extent than VP8. Visual inspection of the stained bands in 6 and some 8.5% gels revealed that those labeled VP13-14 and VP17-18 consist of at least two proteins each. Electrophoresis of virion proteins in 14%, acrylamide gels (Fig. 7) failed to reveal the presence of additional small-molecular-weight denced by visual inspection of stained gels and by the autoradiographic tracings, particularly of '4C-glucosamine-labeled proteins. We cannot state with any degree of certainty how many glycoproteins with distinct protein moieties are present in the virion nor precisely how many of the protein bands are glycosylated. Thus, it seems reasonably certain that VP8 and VP17 are glycosylated, but the bands near VP8 and VP17 may or may not be glycosylated. It is noteworthy that anomolies in the migration of glycoproteins in acrylamide gels have been reported (3).
(iv) It has been repeatedly demonstrated that the mobilities of proteins in SDS-acrylamide gels are inversely proportional to the logarithms of the molecular weights of the proteins (25, 34 ). An apparent exception to this is the observation by Bretscher (3) that the relative mobility of an erythrocyte glycoprotein varied depending on the concentration of acrylamide gel and yielded a range of molecular-weight estimates none of which agreed with the value obtained by another method. The anomolous behavior of the erythrocyte glycoprotein on acrylamide gel electrophoresis was not observed with herpesvirus glycoproteins ( Table 4 ), suggesting that the molecular weight estimates are reliable. The relative mobilities of the protein standards and of the viral proteins in these gels are shown in Table 4 along with the molecular weights calculated from the mobilites of the viral proteins in each gel, the averaged molecular weights, and the sum of the calculated molecular weights of the virus-specific proteins. The data show a remarkable agreement between the molecular weights calculated from the migration of the proteins in different gels. The averaged molecular weights range from 25,000 to 275,000 daltons. The calculations summarized in Table 4 also indicate that the sum of the molecular weights of virus-specific structural proteins is approximately 2,580,000 daltons.
Effect of NP-40 on virions. The effect of NP-40 on virions was determined both by electron microscopy and by comparison of electropherograms of treated and untreated virus. Partially purified virus (dextran band) was prepared from cells labeled with '4C-amino acids after infection. Half of the preparation was further purified by flotation in a discontinuous sucrose gradient and served as an untreated control. Virions were pelleted from the other half of the dextran band, of the herpesvirion preparations are cellular membranes. Although we have achieved substantial purification, some host proteins still remain in these preparations. Data to be published elsewhere (Heine, Spear, and Roizman, manuscript in preparation) indicate that these proteins are also present in highly purified plasma membranes from both infected and uninfected cells. The residual host proteins are therefore either in the envelope of the virus or in fragments of cell membranes contaminating the virus preparations. We cannot at present exclude either possibility, but, even if these proteins are in the envelope of the virus, they are at best relatively minor structural constituents of the virion. The fact that these proteins do not remain in constant ratio to the virusspecific structural proteins during the last stages of purification leads us to suspect that they represent residual contaminating membranes and that the membranes which ultimately give rise to the envelope of the virion are either made de novo after infection or are reorganized to the extent that all host proteins are ejected.
(ii) In the virion, we have detected 24 proteins which are made after infection and are presumably virus-specific structural proteins. This is the (17) . The differences are in large part due to the much greater purity of the virions, which resulted in a reduction of the background in acrylamide gels and made minor species of structural proteins readily apparent, and the high-resolution electrophoresis technique which probably doubled the number of resolvable protein bands.
(iii) The molecular weights of viral proteins estimated in several concentrations of acrylamide gels range from 25,000 to 275,000 daltons. Two points should be made. First, it is conceivable that some of the high-molecular-weight proteins are aggregates of two or more proteins. However, (i) the relative amounts of the high (>100,000) molecular-weight proteins were highly reproducible from experiment to experiment. (ii) The highmolecular-weight proteins were unaffected by reduction and alkylation of virion proteins in the presence of 6 M guanidine (unpublished data). (iii) Viral ribonucleic acid (RNA) species with sedimentation coefficients of approximately 35S are present in cytoplasmic polyribosomes (22) . Such RNA molecules are approximately 2.5 x 106 daltons in molecular weight. This amount of RNA is sufficient to specify polypeptide chains 280,000 daltons in molecular weight. (iv) A very substantial and readily measurable increase in the sedimentation coefficient of polyribosomes after infection has also been reported (30, 31) . The second point concerns the lower limit of the molecular weights of virus-specific structural proteins. Both Coomassie Brilliant Blue stain and the autoradiographic analyses of the 14% gels failed to reveal virus-specific proteins less than 25,000 daltons in molecular weight. Our data indicate that proteins less than 25,000 daltons, if present, are not major structural components of the herpes simplex virions.
(iv) The sum of the molecular weights of the 24 VOL. 9, 1972 virus-specific structural proteins detected to date amounts to roughly 2,580,000 daltons, i.e., nearly double the number reported by Abodeely et al. (2) , although they detected 20 structural proteins for equine abortive virus as compared to the 24 reported here. On the basis of the molecular weight of 99 X 101 i 5 X 101 daltons for herpes simplex virus deoxyribonucleic acid (DNA) (14) , the absence of significant amounts of repetitive sequences (10) , and the assumption that viral mRNA is transcribed asymmetrically and is not complementary, it can be calculated that the DNA has sufficient genetic information to specify the sequence of 55,000 amino acids. NP-40 combined with sonic treatment stripped the envelope of equine abortion virus as determined by electron microscopic examination. Kaplan and Ben-Porat (12) also reported the appropriate conditions for the complete removal of pseudorabies envelopes with Triton X-100 -again by electron microscopic criteria. Both groups reported the removal of glycoproteins from virus concomitant with stripping of the envelopes (2, 12) . On the other hand, Olshevsky and Becker (17) reported that NP-40 selectively extracts two of the three glycoproteins detected in their gel system. Under the conditions of our studies, NP-40 leaves residual envelope material still adhering to the nucleocapsids. Moreover, extraction of glycoproteins is neither entirely complete nor entirely selective. Since the glycoproteins are very likely structural components of the envelope, it seems clear that in our hands NP-40 disrupts the envelope but does not entirely remove it. We are, on the other hand, concerned with the fact that nonglycosylated proteins are also extracted by NP-40. It remains to be seen whether these are components of the envelope or of the capsid. 
ADDENDUM IN PROOF
Since this paper was submitted for publication other studies from our laberatory have demonstrated the following. (i) Highly purified plasma membranes from infected cells contain virusspecific proteins with electrophoretic mobilities identical to virion proteins 7, 8, 11, 12, 13, 14, 17, 18, 22, 23, 24 . The glycosylation patterns of these proteins follow closely those of the virion proteins (Heine, Spear, and Rcizman, submitted for publication). In view of the fact that they are present in membranes we conclude that they may be among the protein constituents of the envelope. (ii) Analysis of solubilized whole infected cells and of NP-40 extracts of the same cells revealed substantial amounts of glycosylated proteins with electrophoretic mobilities of VPI 1 and VP19. In addition, glycosylated proteins with electrophoretic mobility of VP15 and VP16 were also detected (Savage and Roizman, manuscript in preparation). We conclude that infected cells contain at least 12 glycosylated proteins, some in different proportion than are found in the purified virion or in the purified plasma membrane. The glycosylated proteins are 7, 8, 11, 12, 13, 14, 15, 16, 17, 18, 19, and 21. LITERATURE CITED
